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Abstract 31 
 32 
Probiotic and glutamine supplementation increases tissue Hsp72, but their influence on extracellular 33 
Hsp72 (eHsp72) has not been investigated. The aim of this study was to investigate the effect of 34 
chronic probiotic supplementation, with or without glutamine, on eHsp72 concentration before and 35 
after an ultramarathon. Thirty-two participants were split into three independent groups, where they 36 
ingested probiotic capsules (PRO, n = 11), probiotic + glutamine powder (PGLn, n = 10) or no 37 
supplementation (CON, n = 13), over a 12-week period prior to commencement of the Marathon des 38 
Sables (MDS). eHsp72 concentration in the plasma was measured at baseline, 7 days pre-race, 6-8 39 
hours post-race, and 7 days post-race. The MDS increased eHsp72 concentrations by 124% (F1,3 = 40 
22.716, p < 0.001), but there was no difference in the response between groups. Additionally, PRO or 41 
PGLn supplementation did not modify pre- or post-MDS eHsp72 concentrations compared to CON (p 42 
> 0.05). In conclusion, The MDS caused a substantial increase in eHsp72 concentration indicating high 43 
levels of systemic stress. However, chronic PRO or PGLn supplementation did not effect eHsp72 44 
compared to control pre- or post-MDS. Given the role of eHsp72 in immune activation, the 45 
commercially available supplements used in this study are unlikely to influence this cascade. 46 
 47 
Key words: Ultra-endurance; extracellular heat shock protein 72; probiotics; desert; race; event. 48 
 49 
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Introduction 61 
 62 
Exercise in extreme heat elicits physiological stress upon the human body (Nybo et al. 2001) which can 63 
decrement physical performance (Nybo et al. 2014) and cognitive function (Taylor et al. 2015). In 64 
addition, strenuous exercise coupled with high environmental temperatures (exercise heat-stress; EHS) 65 
is a major risk factor for the development of exertional heat illnesses [EHI; (Armstrong et al. 2007)]. A 66 
plethora of physiological responses including elevated core temperature (Binkley et al. 2002), 67 
increased heart rate (HR) and a redistribution of blood flow (González-Alonso et al. 2008) are seen in 68 
response to EHS (Nybo 2008; 2014). These responses initially act to protect the body from tissue 69 
damage and protein denaturation during EHS, yet they can prove catastrophic if the total stress exceeds 70 
a highly individualised threshold of tolerance [EHI; (Adams et al. 2015; Goforth et al. 2015; 71 
Wijerathne et al. 2016)]. Nonetheless, humans willingly subject themselves to prolonged EHS when 72 
completing endurance events such as the Marathon des Sables (MDS). The MDS is a 294.4 km 7 day 73 
ultra-marathon completed across the Southern Moroccan portion of Sahara Desert. Ultra-endurance 74 
events such as the MDS are becoming increasingly popular, with a substantial rise in competitor 75 
numbers in recent years (Knechtle et al. 2011; da Fonseca-Engelhardt et al. 2013). 76 
 77 
Exposure to EHS can increase extracellular heat shock protein (eHsp72) concentration (Walsh et al. 78 
2001; Whitham et al. 2007; Sandström et al. 2008; Magalhaes et al. 2010; Périard et al. 2012; Gibson et 79 
al. 2014), a protein which is thought to contribute to the immune response to EHS (Mizzen et al. 1988; 80 
Asea 2005). This increase in eHsp72 is thought to prepare the immune system (immuno-stimulatory) 81 
for subsequent EHS mediated homeostatic perturbations (Johnson et al. 2006). Although discussion 82 
regarding the precise role of eHsp72 remain (Johnson and Fleshner 2006; Whitham et al. 2008), 83 
evidence suggests that eHsp72 enhances the production of pro-inflammatory cytokines (Asea 2005) 84 
and chemokines (Lehner et al. 2000). This implies the importance of eHsp72 during EHS, given the 85 
role of pro-inflammatory cytokines in the pathophysiology of heat stroke (Lim et al. 2006; Leon et al. 86 
2010). Previous in vitro (Wischmeyer 2002; Petrof et al. 2004; Tao et al. 2006) and in vivo 87 
(Wischmeyer et al. 2001) research has demonstrated that glutamine increases intracellular Hsp72 88 
[iHsp72 (epithelial cells)] concentrations, thus it is plausible to suggest that such interventions may 89 
elevate eHsp72 concentrations. Because the release mechanism of Hsp72 into the extracellular 90 
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environment is still not fully defined, it is unknown if interventions that increase iHsp72 also influence 91 
eHsp72 concentrations. 92 
 93 
Previous research has demonstrated exercise duration to be a key modulator of eHsp72 release 94 
(Febbraio et al. 2002; Marshall et al. 2006; Amorim et al. 2008), and therefore ultra-endurance events, 95 
defined as lasting > 6 h (Zaryski et al. 2005), are likely to induce a significant increase in eHsp72 96 
concentration. The MDS (294.4 km, 7 days, 20-50°C) is physiologically challenging given that 97 
competitors must carry food and survival equipment for the duration of the event, with only rationed 98 
water provided each day, subsequently placing competitors at an increased risk of EHS and potentially 99 
EHI throughout the race. Therefore, a nutritional intervention which increases eHsp72 concentration 100 
prior to a multi-day ultra-endurance event, such as the MDS, could alter the associated immune 101 
response patterns in competitors. Whether or not a basal increase in eHsp72 is beneficial or detrimental 102 
in this regard is currently unknown. The additions of probiotics and glutamine have been shown to 103 
induce an increase in Hsp72 concentration in various cultured cell types (Wischmeyer 2002; Petrof et 104 
al. 2004; Tao et al. 2006). However, to our knowledge, no research has yet been conducted in relation 105 
to probiotic supplementation and the eHsp72 response to EHS relative to a multi-day ultra-endurance 106 
event with logistical and nutritional challenges, such as the MDS. Owing to its immuno-stimulatory 107 
actions, a probiotic or glutamine mediated increase in pre-race eHsp72 may influence the immune 108 
response pattern to EHS (MDS). This knowledge is important because any alteration in pro/anti-109 
inflammatory responses to EHS could influence the severity of EHI (Lim and Mackinnon 2006). 110 
Despite previous studies demonstrating a significant increase in iHsp72 through probiotic and 111 
glutamine supplementation (Wischmeyer 2002; Petrof et al. 2004), no research has investigated if this 112 
alters eHsp72 concentrations prior to and following EHS.  113 
 114 
This preliminary study aimed to investigate the effects of chronic (12-weeks) probiotic 115 
supplementation with (PGLn) or without (PRO) glutamine (both commercially available), on the 116 
eHsp72 response pre- and post-MDS completion. Owing to the effects of probiotics and glutamine on 117 
Hsp72 synthesis, it was hypothesised that PRO and PGLn would increase eHsp72 concentrations pre- 118 
MDS in comparison to a control group (CON). Additionally, it was hypothesised that the nutritional 119 
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interventions would reduce the stress and thus the inflammatory response to exercise, marked by a 120 
blunted post-MDS eHsp72 concentration when compared to CON. 121 
 122 
Materials and methods  123 
 124 
Participants 125 
 126 
Male and female entrants (aged 18-60 years) were contacted via email through the UK organiser 127 
(RunUltra UK). Thirty-two MDS 2015 competitors (6 female, 24 male, age 41; range 23-53 years, 128 
height 1.75 ± 0.08 m, body mass 76.89 ± 2.04 kg) met the inclusion criteria and were recruited for this 129 
study. Participants were excluded from taking part if: (1) unable to attend all testing sessions; (2) 130 
outside of desired age range (18 – 60 years); (3) unsatisfactory health-screen questionnaire completion 131 
(i.e. potential history of heart abnormalities, hypertension, heart disease or diabetes); (4) suffering from 132 
any musculo-skeletal injury that may have impaired participation in the study and/or endurance 133 
training; (5) any known blood related disorder; (6) were taking over-the-counter and/or prescribed 134 
medication which may have influenced normal participation (excluding inhalers for exercise-induced 135 
asthma or the contraceptive pill); (7) were consuming any other commercial supplementation which 136 
conflicted the study parameters (i.e. an alternative probiotic) – and were unwilling to refrain from use 137 
of supplementation over the study period; and (8) any participant who was, or had the potential to 138 
become, pregnant during the study. All participants provided written informed consent, were deemed 139 
healthy and able to take part, and verbally confirmed that they were not currently undertaking any 140 
probiotic or glutamine supplementation regime. Participants were instructed to avoid heat 141 
acclimation/acclimatisation training sessions in the 48 h prior to all data collection visits (excluding the 142 
immediate post-race sample). Of the 32 recruited participants, 94% were compliant to this requirement, 143 
with one participant in both the PRO and CON groups undertaking a bout of heat acclimation training 144 
48 h prior to data collection visit 2. Between data collection visit 2 and departure for the MDS, 31.25% 145 
(n = 10) of participants undertook at least one heat training session [PRO: 2 sessions (n = 5), 3 146 
sessions (n = 1); PGLn: 3 sessions (n = 1); CON: 2 sessions (n = 2), 4 sessions (n = 1)]. All 147 
procedures were approved by the Anglia Ruskin University Ethics Committee, and conformed to the 148 
Declaration of Helsinki.  149 
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 150 
Study overview 151 
 152 
Following a randomised independent measures design; participants were assigned to one of three 153 
experimental conditions utilizing commercially available dietary supplements:  154 
 155 
Probiotic capsules (PRO; n = 11): Participants were required to consume one capsule (Bio-156 
Acidophilus Forte, Biocare Ltd., Birmingham, UK) per day for the duration of the 12-week 157 
intervention period. Each multi-strain capsule contained 150 mg.d
-1
 Lactobacillus acidophilus (10 158 
billion CFU.d
-1
, Lactobacillus acidophilus CUL-60 [NCIMB 30157] and 10 billion CFU.d
-1
 159 
Lactobacillus acidophillus CUL-21 [NCIMB 30156]), 16.8 mg.d
-1
 Bifidobacterium bifidum and lactis 160 
(9.5 billion CFU.d
-1
, Bifidobacterium bifidum CUL-20 [NCIMB 30172] and 0.5 billion CFU.d
-1
 161 
Bifidobacterium animalis subspecies lactis CUL-34 [NCIMB 30153]), and 55.8 mg.d
-1
 162 
fructooligosaccharides. 163 
 164 
Probiotic + glutamine powder (PGLn; n = 10): Participants were required to consume 5 g powder (GI 165 
Complex, UK) per day, mixed well in water or food. 2 billion, Lactobacillus acidophilus CUL-60 166 
(NCIMB 30157), 2 billion; Lactobacillus acidophilus CUL-21 (NCIMB 30156); 50 million, 167 
Bifidobacterium bifidum CUL-20 (NCIMB 30172); 0.95 billion, Bifidobacterium animalis subsp. 168 
Lactis CUL-34 (NCIMB 30153); 5 billion, Lactobacillus salivarius CUL61 (NCIMB 30211), each 5 g 169 
dose also contained 0.9 g L-Glutamine.  170 
  171 
Control (CON; n = 9): maintenance of regular diet. 172 
  173 
Apparent daily adherence to intervention and control was self-reported at 100% for all groups. Due to 174 
the nature of the study, blinding of groups was not possible, however, the PGLn group were unaware of 175 
the addition of glutamine to their probiotic supplement. 176 
 177 
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Data was collected at four time points across the duration of the study, which consisted of three 178 
laboratory visits (visits 1, 2, and 4, Anglia Ruskin University, Cambridge) and one field-based data 179 
collection point (visit 3, Ouarzazate, Morocco), as detailed below (Fig. 1a). 180 
 181 
Visit 1 182 
 183 
This baseline data collection took place 12-weeks prior to the MDS. Participants arrived at the 184 
environmentally controlled laboratory (18°C, 35% RH) in a fasted state (minimum 4 h fasted), with 185 
confounding variables of alcohol (Taylor et al. 2010a), caffeine (Lu et al. 2008), generic 186 
supplementation (Hillman et al. 2011) and smoking (Anbarasi et al. 2006) all controlled in line with 187 
previous work in the field (Taylor et al. 2011; Taylor et al. 2012a; Taylor et al. 2012b), self-reported 188 
adherence was confirmed at 100% for all participants. Upon arrival, participants rested in a semi supine 189 
position to provide a venous blood sample via venepuncture from the antecubital fossa for analysis of 190 
eHsp72, followed by the assessment of maximal oxygen uptake [(V O) as shown in Fig. 1b]. 191 
Participants were provided with the appropriate supplementation regime and information upon 192 
departure, and were required to adhere to instructions for the following 12-weeks. 193 
 194 
Visit 2 195 
 196 
Following 12-weeks of supplementation, participants returned to the laboratory and followed the same 197 
procedures as described for visit 1. Participants then departed the UK to undertake the MDS 2015 the 198 
following week. 199 
 200 
Visit 3 201 
 202 
The MDS 2015 took place from 5
th
 – 11
th
 April, and covered a total distance of 249.4 km across the 203 
Sahara Desert, Morocco (maximum temperature 39°C), over 7 days; each stage commenced at 0900h 204 
(Fig. 1a indicates distances for each stage of the MDS phase of the experimental design). The MDS 205 
required competitors to be self sufficient, meaning they were to carry their own food (minimum 2000 206 
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kcal per day), equipment, and sleeping materials for the duration of the race. Water was rationed to ~ 207 
9.0 – 10.5 L/day per competitor, dependent on the distance of the stage. 208 
 209 
Upon completion of the race, participants boarded coaches and were taken from the Desert back to the 210 
city of Ouarzazate, for post-race data collection (Fig. 1c). A team of trained experimenters collected 211 
post-race venous blood samples; this data collection took place 6 - 8 h post-race completion. 212 
 213 
Visit 4 214 
 215 
Finally, participants attended the sport science laboratories 7 days post-race, whereby venous blood 216 
samples and body composition were measured in line with visits 1 and 2. Participants were not 217 
required to undertake a V O test during the final visit.  218 
 219 
**Please insert Fig. 1a-c here** 220 
 221 
V O Test  222 
 223 
A graded exercise test to maximal exhaustion on a motorized treadmill (Pulsar, HP Cosmos, UK) 224 
began with a 5 min self-paced warm up. Thereafter, speed was increased by 1 km/h
-1
 every 2 min, after 225 
4 stages (8 min) speed remained constant and treadmill incline increased by 1% every 2 min until 226 
volitional exhaustion (Winter et al. 2006). Online breath-by-breath analysis (Metalyser 3B, Cortex, 227 
UK) was used to determine V O . Measures of HR (Polar, FS1, UK) and ratings of perceived 228 
exertion (RPE) were recorded every 2 min to be used as secondary criteria. The V O  was 229 
considered as the highest V O obtained in any 10 s period, and in line with end point criteria guidelines 230 
of the ACSM; which required participants to meet a plateau in V O, plus 2 of the 3 following criteria: a 231 
failure of HR to increase with increasing exercise intensity, respiratory exchange ratio (RER) of > 1.15, 232 
and RPE > 17 (ACSM 2013).   233 
 234 
Blood collection and analysis 235 
 236 
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Venous blood samples were collected at all four visits from the antecubital fossa via venepuncture 237 
(Safety blood collection set and holder, Vacuette®, Greiner Bio-One, UK), directly into three separate 238 
Vacuette® tubes (4 ml; Vacuette® Grenier Bio-One, UK) treated with K3 Ethylenediaminetetraacetic 239 
acid (EDTA) coagulant. Whole blood samples were centrifuged (EBA 200, Hettich, Germany) at 3000 240 
rpm for 10 min for plasma separation, after which the plasma was aliquoted and stored at - 80°C until 241 
analysed in duplicate for eHsp72 using a commercially available high-sensitivity enzyme-linked 242 
immunosorbent assay (ELISA) kit. Whilst the measurement of plasma volume change would have been 243 
beneficial, the applied nature of the study and the logistical challenges present precluded the analysis of 244 
this variable. However, previous research has demonstrated that long-endurance exercise causes no 245 
significant increase in haemoglobin and haematocrit values (Gomez-Merino et al. 2006; Ruell et al. 246 
2006; Suzuki et al. 2006), thus the changes may have been negligible (Suzuki et al. 2000; Suzuki et al. 247 
2003). Incubation of the 96-well kit was performed on an incubital shaker (Heidolph Titramax 1000, 248 
Fischer Scientific, UK) at 500 rpm, and read by a plate reader (VICTOR™ X, Perkin Elmer, UK) using 249 
absorption at 450 nm. Intra-assay variability was 9.93% which was in line with previous work in the 250 
field: Campisi et al. (2003): < 10%; Gibson et al. (2014):  10.5%; Périard et al. (2012): 5%; Walsh et 251 
al. (2001): < 10%; Whitham et al. (2006): 6.3%. 252 
 253 
Statistical analysis 254 
 255 
All statistical analyses were performed using the ‘psych’, ‘nlme’ and ‘stats’ packages in R version 3.3.2 256 
(R Core Development Team, 2014). Normality assumptions were checked using quantile-quantile 257 
plots. Normally distributed data is presented as mean standard deviation (SD), and non-normally 258 
distributed data is presented as median and range. The Akaike information criteria (AIC) was used to 259 
determine fit of the full model relative to the null model (Akaike 1976). A linear mixed model with 260 
fixed (‘condition’, ‘time’) and random (‘subject id’) effects was fitted with a compound symmetric 261 
correlation structure to determine the effect of PRO and PGLn on eHsp72 compared with CON [Time 262 
(4 levels): baseline, pre-race, 6-8 h post-race, 7-d post-race × Condition (3 levels): CON, PRO, PGLn]. 263 
In accordance with previous literature, eHsp72 concentrations were also presented as a percentage 264 
change from baseline, to account for high individual variance in baseline values and responses (Suzuki 265 
et al. 2006; Morton et al. 2007; Sandström et al. 2008; Taylor et al. 2010a; Taylor et al. 2010b; Peart et 266 
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al. 2011; Gibson et al. 2014). The sex of the participants (male or female) was not included as an 267 
independent variable due to the low number of females in the experiment (4 females, 30 males). A one-268 
way analysis of variance (ANOVA) was used to compare time to completion (minutes) between the 269 
CON, PRO, and PGLn groups. The two-tailed alpha level of significance was set as p ≤ 0.05, and 95% 270 
confidence intervals are presented to denote the imprecision in the point estimate.  271 
 272 
Results 273 
 274 
Anthropometric data 275 
  276 
Participant characteristics are displayed in Table 1. For height, those in the PRO group were 5.3 ± 1.5 277 
cm and 6.5 ± 1.6 cm taller than those in the CON and PGLn group, respectively (F2, 125 = 9.372, p < 278 
0.001).  For body mass at baseline, the mass of those in the PGLn group was 8.17 ± 2.46 kg and 8.50 ± 279 
2.57 kg less than those in the PRO and CON group, respectively (F2, 125 = 7.196, p = 0.001). For body 280 
mass at pre-race, the mass of those in the PGLn group was 7.20 ± 2.35 kg and 7.40 ± 2.45 kg less than 281 
those in the PRO and CON group, respectively (F2, 125 = 5.992, p = 0.003). For V O at baseline, 282 
those in the PGLn group had a score 5.33 ± 2.00 ml.kg.min
-1
 greater than those in the CON group (F2, 283 
125 = 3.909, p = 0.023). There were no differences between groups for age and V O at pre-race (p > 284 
0.05). 285 
 286 
eHsp72 287 
 288 
The eHsp72 response was not different between nutritional groups (CON, PRO, PGLn). There was no 289 
main effect for group (F1,2 = 3.252, p = 0.053) or interaction (condition × time) effect (F1,6 = 1.051, p = 290 
0.399) for eHsp72 responses. There was a main effect for time (F1,3 = 22.716, p < 0.001), showing that 291 
eHsp72 was elevated by 0.81 ± 0.36 ng·ml
-1
 (95% CI = 0.20 to 1.43 ng·ml
-1
) at 6-8 h post-race 292 
compared with baseline (p = 0.02). The boxplots in Fig. 2 show the variability in the responses for each 293 
group over time. Table 2 displays the mean ± SD (range) of eHsp72 for each condition at each time 294 
point. Table 3 displays the model’s fixed effects coefficients and random effect variances. Individual 295 
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responses over time are displayed in Fig. 3 a-c, where the change is expressed as a % change from 296 
baseline. 297 
 298 
Time to completion 299 
 300 
The time to completion was not different (F1, 2 = 0.615, p = 0.548) between the CON (2819 ± 846 min, 301 
95% CI = 2213 to 3425 min), PRO (2481 ± 525 min, 95% CI = 2105 to 3424 min), and PGLn (2570 ± 302 
707 min, 95% CI = 2064 to 3075 min) groups. The boxplots in Fig. 4 show the variability in time to 303 
completion for each group. 304 
 305 
** Insert Table 2 near here please ** 306 
**Insert Table 3 near here please**  307 
 308 
** Insert Fig 2, 3 a-c and 4 near here please **  309 
 310 
Discussion 311 
 312 
The primary aim of this study was to investigate the effects of chronic PRO and PGLn commercially 313 
available supplementation on the eHsp72 response to the MDS. The experimental hypothesis was not 314 
accepted in this paper, as PRO and PGLn supplementation had no effect on eHsp72 concentration over 315 
the 12-week supplementation period. In addition, post-MDS eHsp72 concentration was significantly 316 
elevated in all groups, however there was no difference in the magnitude of change in the CON group 317 
compared to PRO or PGLn. These findings indicate that 12-week supplementation with PRO or PGLn 318 
had no influence on eHsp72 concentrations. 319 
 320 
A mean 124% increase in eHsp72 concentration was seen across all conditions post-MDS, compared to 321 
pre-MDS values (Fig. 2a), supporting previous data related to the EHS response (Walsh et al. 2001; 322 
Gomez-Merino et al. 2006; Suzuki et al. 2006; Gibson et al. 2014). The magnitude of this response 323 
post-MDS was not different between groups, indicating that the utilised nutritional intervention had no 324 
influence on pre-MDS eHsp72 concentrations, despite a likely increase in iHsp72 pre-race (Tao et al. 325 
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2006). The novelty of the present study (i.e. MDS exercise model and 12-week nutritional 326 
interventions) renders it challenging to make direct comparisons to previous research. Indeed, to the 327 
author’s knowledge only two previous studies have reported the eHsp72 response to ultra-endurance 328 
exercise performance (Gomez-Merino et al. 2006; Suzuki et al. 2006). These studies demonstrated an 329 
increased eHsp72 concentration of ~ 2200% (Suzuki et al. 2006) and ~ 1674% (Gomez-Merino et al. 330 
2006) following an ironman triathlon and 100 km run, respectively. 331 
 332 
The difference in magnitude of response between the present study (~124% increase) and others 333 
(Gomez-Merino et al. 2006; Suzuki et al. 2006) could be attributed to a number of factors. Firstly, the 334 
logistical issues associated with field-based research, particularly the MDS location, determined that 335 
post-exercise sampling was only feasible 6-8 h post-MDS. It is therefore possible that the greatest 336 
phase of the response was not recorded. Fehrenbach et al. (2005) demonstrated that eHsp72 337 
concentration returned to baseline levels within 24 h of exercise completion, following a marathon run, 338 
with values already significantly different at 3 h post-exercise in comparison to immediately post-339 
exercise. It is therefore likely that the 6-8 h time course between MDS completion and sample 340 
collection in the present study elicited lower eHsp72 concentration changes from pre-race in 341 
comparison to the values that would have been displayed immediately post-race. Future research 342 
should aim to collect data as close to race completion as possible to obtain the most representative 343 
results. 344 
 345 
Secondly, the difference may be due to a habituation effect, given the consecutive and multi-day nature 346 
of the MDS compared to the discrete within one-day ironman triathlon and 100 km run. Following 7 347 
consecutive days of EHS, participants would likely begin to undergo heat acclimatisation, given heat 348 
acclimation/acclimatisation has been shown to commence in as few as 4 exercise-heat exposures 349 
(Petersen et al. 2010), with ‘full’ heat acclimation taking typically 7-14 days (Tyler et al. 2016). Thus, 350 
by the 7
th
 consecutive day of EHS, it is likely that participants would have developed a level of 351 
acclimation to these conditions. Consequently, resting eHsp72 concentration prior to the 352 
commencement of the final MDS stage would potentially have been greater than recorded pre-race 353 
values. For example, Sandström et al. (2008) investigated the effects of 15 consecutive days heat 354 
acclimation on eHsp70, and demonstrated the impact of acclimation upon eHsp70 concentration. In 355 
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that paper, resting eHsp70 following 7 days heat acclimation was 45% greater than baseline 356 
concentration. In addition, the pre- to post-acclimation change on day 1 (54%) showed a greater effect 357 
in comparison to that of day 7 (-4.5%). This speculation could aid understanding regarding the less 358 
substantial increase in eHsp72 post-exercise in comparison to previous ultra-endurance research 359 
(Gomez-Merino et al. 2006; Suzuki et al. 2006). It is possible that the MDS induced a level of 360 
acclimatisation, which subsequently impacted the eHsp72 concentrations recorded following 361 
completion of the race, masking any influence of the probiotic supplement. However, as all participants 362 
completed the race, it is likely that the possible heat acclimatisation stimulus of MDS completion, and 363 
any subsequent confounding effects of such acclimatisation, would have been similar across 364 
participants. Whether within-race heat acclimatisation did mask any potential benefits of the probiotics 365 
cannot be excluded within the present design. Future research is recommended to analyse additional 366 
markers (such as IL-6, TNF- α), in order to obtain a greater understanding regarding the response to 367 
ultra-endurance exercise and probiotic supplementation.  368 
 369 
Previous in vitro research has suggested that a key mechanism behind the protective role of probiotic 370 
(Petrof et al. 2004; Tao et al. 2006) and glutamine (Wischmeyer et al. 2001) is elevations in basal 371 
iHsp72 concentrations. Tao et al. (2006) stated that the induction of iHsp72 following probiotic 372 
treatment in vitro may be due to changes in gene transcription through binding of heat shock factor-1, a 373 
key activator responsible for transcription of heat shock genes (Zuhl et al. 2014). Because the 374 
systematic concentrations of Hsp72 may be proportional to the iHsp72 concentration, it was important 375 
to investigate if probiotic supplementation also influenced eHsp72 concentrations. In contrast to 376 
previous in vitro research (Petrof et al. 2004; Tao et al. 2006), the present study utilised commercially 377 
available supplements, which may have contained additional ingredients and subsequently impacted 378 
the response (Maughan 2005). Future research utilising similar experimental designs should develop a 379 
standardised and pharmacologically optimised probiotic supplement strain (which may likely be 380 
hybridised), to avoid the previously documented lack of quality control of probiotics (Tuomola et al. 381 
2001). It may also be suggested that the prescribed glutamine dosage was insufficient to induce a 382 
significant eHsp72 response in vivo. Previous research has utilised a dosage relative to the individuals’ 383 
body mass (Zuhl et al. 2014; Zuhl et al. 2015), however the present study implemented the suppliers’ 384 
recommended dosage, and subsequently may have been insufficient to induce a significant response. 385 
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Should the present study have implemented the individualised dosages as utilised by Zuhl et al. (2014), 386 
dosages would range from 19.75 – 67.05 g PRO/PGLn supplementation per day (based on fat free mass 387 
range 21.95 – 74.5 kg of participants in the present study). However, only 0.9 g/day was administered 388 
in this study, demonstrating a deviation of 18.85 – 66.15 g/day from the aforementioned dosage (Zuhl 389 
et al. 2014). Evidently, these differences are substantial, and thus the effect of PRO and PGLn from the 390 
dosage utilised in the present study may have been insufficient to induce a significant response. It is 391 
important to note, however, that competitors would have utilised the commercially available dietary 392 
supplements in the same manner (i.e. in line with the supplier recommendations) as the design 393 
employed by the present study. Another consideration is the makeup of the probiotic supplement. 394 
Whilst there are limited studies in this area (particularly using the specific strains supplied in the 395 
present study), the predominance of Lactobacillus and Bifidobacterium bifidum species in this 396 
supplement indicate that these would have the strongest influence upon the eHsp72 response (if any). 397 
Although the lactobacillus and Bifidobacterium strains activate the innate immune system (Bellavia et 398 
al. 2013; Lescheid 2014), it is unclear what specific strains interact with eHsp72. Additionally, whilst 399 
there was a level of prebiotic included within the supplement, this very small dosage (55.8 mg.d-1 400 
fructooligosaccharides; FOS) is unlikely to have had an effect on eHsp72 concentration.  401 
 402 
It is evident that participation in a multi-day ultra-endurance event imposes a significant level of stress 403 
upon the human body, leading to an increase in eHsp72 concentration. Such increases are likely for 404 
stimulation of pro-inflammatory cytokine and chemokines, which is typical during EHS. However, the 405 
implementation of commercially available PRO and PGLn supplementation, in line with supplier 406 
recommendations, did not increase basal eHsp72 concentration prior to the race, or alter the eHsp72 407 
response seen in all groups post-race.  408 
 409 
Experimental limitations, practical applications and future research directions 410 
 411 
Collection of data within an applied setting involves a number of challenges, particularly when in a 412 
harsh environment, such as the Sahara Desert. Due to methodological limitations in the present work, it 413 
is recommended that future research collect samples immediately / within 1 h of race completion, and 414 
should implement a dosage relative to the body mass of the individual taking part, in addition to 415 
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utilising robustly standardised and optimised nutritional supplements. This will confirm if PRO or 416 
PGLn increases basal eHsp72 values prior to ultra-endurance events, particularly those completed 417 
within thermally challenging environments. Additionally, future research should focus on controlling 418 
the outlined confounding variables alongside analysis of additional biological markers, such as 419 
inflammatory markers (IL-6, TNF- α), intracellular markers (iHsp72), and markers of endotoxemia/gut 420 
damage (LPS); to greater understand the implicated biological cascades such as gut damage. To 421 
increase internal validity within similar research designs, all participants should complete the exact 422 
same robust heat acclimation regime (or completely avoid any acclimation) prior to leaving for the 423 
MDS, to control the potential confounding influence of heat acclimation/acclimatisation upon eHsp72 424 
concentrations pre and during race. Therefore, whilst the presented results should be interpreted 425 
carefully relative to these limitations, the findings remain relevant to athletes and coaches, given we 426 
have shown that the specific commercially available probiotic supplements and chronic administration 427 
strategies utilised are unlikely to interfere with the pathways regulating immune responses to multi-day 428 
ultra-endurance running exercise in the heat.  429 
 430 
Acknowledgements 431 
 432 
The authors would like to thank BioCare UK for providing the nutritional supplements used in the 433 
study, RunUltra for allowing access to the competitors, and the participants for their cooperation.  434 
 435 
References 436 
 437 
ACSM (2013). ACSM's guidelines for exercise testing and prescription: Lippincott Williams & 438 
Wilkins. 439 
Adams, W.M., Hosokawa, Y., and Casa, D.J. (2015). The Timing of Exertional Heat Stroke Survival 440 
Starts prior to Collapse. Current Sports Medicine Reports 14: 273-274. 441 
doi:10.1249/jsr.0000000000000166. 442 
Akaike, H. (1976). Canonical Correlation Analysis of Time Series and the Use of an Information 443 
Criterion. In: Mathematics in Science and Engineering. Edited by K.M. Raman and G.L. Dimitri, pp. 444 
27-96: Elsevier. 445 
Page 15 of 28
https://mc06.manuscriptcentral.com/apnm-pubs
Applied Physiology, Nutrition, and Metabolism
Draft
 16
Amorim, F.T., Yamada, P.M., Robergs, R.A., Schneider, S.M., and Moseley, P.L. (2008). The effect of 446 
the rate of heat storage on serum heat shock protein 72 in humans. European Journal Of Applied 447 
Physiology 104: 965-972. doi:10.1007/s00421-008-0850-3. 448 
Anbarasi, K., Kathirvel, G., Vani, G., Jayaraman, G., and Devi, C.S. (2006). Cigarette smoking induces 449 
heat shock protein 70 kDa expression and apoptosis in rat brain: modulation by bacoside A. 450 
Neuroscience 138: 1127-1135. doi:10.1016/j.neuroscience.2005.11.029. 451 
Armstrong, L.E., Casa, D.J., Millard-Stafford, M., Moran, D.S., Pyne, S.W., and Roberts, W.O. (2007). 452 
Exertional Heat Illness during Training and Competition. Medicine & Science in Sports & Exercise 39: 453 
556-572. doi:10.1249/MSS.0b013e31802fa199. 454 
Asea, A. (2005). Stress proteins and initiation of immune response: chaperokine activity of hsp72. 455 
Exercise immunology review 11: 34.  456 
Bellavia, M., Tomasello, G., Romeo, M., Damiani, P., Monte, A.I.L., Lozio, L., Campanella, C., 457 
Gammazza, A.M., Rappa, F., and Zummo, G. (2013). Gut microbiota imbalance and chaperoning 458 
system malfunction are central to ulcerative colitis pathogenesis and can be counteracted with 459 
specifically designed probiotics: a working hypothesis. Medical microbiology and immunology 202: 460 
393-406. doi:10.1007/s00430-013-0305-2. 461 
Binkley, H.M., Beckett, J., Casa, D.J., Kleiner, D.M., and Plummer, P.E. (2002). National Athletic 462 
Trainers' Association position statement: exertional heat illnesses. Journal of Athletic Training 37: 329.  463 
Campisi, J., Leem, T.H., and Fleshner, M. (2003). Stress-induced extracellular Hsp72 is a functionally 464 
significant danger signal to the immune system. Cell Stress & Chaperones 8: 272-286.  465 
da Fonseca-Engelhardt, K., Knechtle, B., Rüst, C.A., Knechtle, P., Lepers, R., and Rosemann, T. 466 
(2013). Participation and performance trends in ultra-endurance running races under extreme 467 
conditions- ‘Spartathlon’ versus ‘Badwater’. Extreme Physiology & Medicine 2: 1. doi:10.1186/2046-468 
7648-2-15. 469 
Febbraio, M.A., Steensberg, A., Walsh, R., Koukoulas, I., van Hall, G., Saltin, B., and Pedersen, B.K. 470 
(2002). Reduced glycogen availability is associated with an elevation in HSP72 in contracting human 471 
skeletal muscle. Journal of Physiology 538: 911-917. doi:10.1013/jphysiol.2001.013145. 472 
Fehrenbach, E., Niess, A.M., Voelker, K., Northoff, H., and Mooren, F.C. (2005). Exercise intensity 473 
and duration affect blood soluble HSP72. International Journal of Sports Medicine 26: 552-557. 474 
doi:10.1055/s-2004-830334. 475 
Page 16 of 28
https://mc06.manuscriptcentral.com/apnm-pubs
Applied Physiology, Nutrition, and Metabolism
Draft
 17
Gibson, O.R., Dennis, A., Parfitt, T., Taylor, L., Watt, P.W., and Maxwell, N.S. (2014). Extracellular 476 
Hsp72 concentration relates to a minimum endogenous criteria during acute exercise-heat exposure. 477 
Cell Stress Chaperones 19: 389-400. doi:10.1007/s12192-013-0468-1. 478 
Goforth, C.W. and Kazman, J.B. (2015). Exertional heat stroke in navy and marine personnel: a hot 479 
topic. Critical care nurse 35: 52-59. doi:10.4037/ccn2015257. 480 
Gomez-Merino, D., Drogou, C., Guezennec, C.Y., Burnat, P., Bourrilhon, C., Tomaszewski, A., 481 
Milhau, S., and Chennaoui, M. (2006). Comparison of systemic cytokine responses after a long 482 
distance triathlon and a 100-km run: relationship to metabolic and inflammatory processes. European 483 
Cytokine Network 17: 117-24.  484 
González-Alonso, J., Crandall, C.G., and Johnson, J.M. (2008). The cardiovascular challenge of 485 
exercising in the heat. The Journal of Physiology 586: 45-53. doi:10.1113/jphysiol.2007.142158. 486 
Hillman, A.R., Vince, R.V., Taylor, L., McNaughton, L., Mitchell, N., and Siegler, J. (2011). Exercise-487 
induced dehydration with and without environmental heat stress results in increased oxidative stress. 488 
Appl Physiol Nutr Metab 36: 698-706. doi:10.1139/h11-080. 489 
Johnson, J.D. and Fleshner, M. (2006). Releasing signals, secretory pathways, and immune function of 490 
endogenous extracellular heat shock protein 72. Journal of Leukocyte Biology 79: 425-434. 491 
doi:10.1189/jlb.0905523. 492 
Knechtle, B., Knechtle, P., and Lepers, R. (2011). Participation and performance trends in ultra-493 
triathlons from 1985 to 2009. Scandinavian Journal of Medicine & Science in Sports 21: e82-e90. 494 
doi:10.1111/j.1600-0838.2010.01160.x. 495 
Lehner, T., Bergmeier, L.A., Wang, Y., Tao, L., Sing, M., Spallek, R., and Zee, R.v.d. (2000). Heat 496 
shock proteins generate b-chemokines which function as innate adjuvants enhancing adaptive 497 
immunity. European journal of immunology 30: 594-603. doi:10.1002/1521-498 
4141(200002)30:2<594::AID-IMMU594>3.0.CO;2-1. 499 
Leon, L.R. and Helwig, B.G. (2010). Heat stroke: Role of the systemic inflammatory response. 500 
Lescheid, D.W. (2014). Probiotics as regulators of inflammation: A review. Functional Foods in Health 501 
and Disease 4: 299-311.  502 
Lim, C. and Mackinnon, L. (2006). The Roles of Exercise-Induced Immune System Disturbances in 503 
the Pathology of Heat Stroke. Sports Medicine 36: 39-64. doi:10.2165/00007256-200636010-00004. 504 
Page 17 of 28
https://mc06.manuscriptcentral.com/apnm-pubs
Applied Physiology, Nutrition, and Metabolism
Draft
 18
Lu, P.-Z., Lai, C.-Y., and Chan, W.-H. (2008). Caffeine induces cell death via activation of apoptotic 505 
signal and inactivation of survival signal in human osteoblasts. International journal of molecular 506 
sciences 9: 698-718. doi:10.3390/ijms9050698. 507 
Magalhaes, C., Amorim, F.T., Passos, R.L., Fonseca, M.A., Oliveira, K.P., Lima, M.R., Guimaraes, 508 
J.B., Ferreira-Junior, J.B., Martini, A.R., Lima, N.R., Soares, D.D., Oliveira, E.M., and Rodrigues, 509 
L.O. (2010). Heat and exercise acclimation increases intracellular levels of Hsp72 and inhibits 510 
exercise-induced increase in intracellular and plasma Hsp72 in humans. Cell Stress Chaperones 15: 511 
885-95. doi:10.1007/s12192-010-0197-7. 512 
Marshall, H.C., Ferguson, R.A., and Nimmo, M.A. (2006). Human resting extracellular heat shock 513 
protein 72 concentration decreases during the initial adaptation to exercise in a hot, humid 514 
environment. Cell Stress Chaperones 11: 129-34.  515 
Maughan, R.J. (2005). Contamination of dietary supplements and positive drug tests in sport. Journal 516 
of Sports Sciences 23: 883-889. doi:10.1080/02640410400023258. 517 
Mizzen, L.A. and Welch, W.J. (1988). Characterization of the thermotolerant cell. I. Effects on protein 518 
synthesis activity and the regulation of heat-shock protein 70 expression. The Journal of Cell Biology 519 
106: 1105.  520 
Morton, J.P., MacLaren, D.P.M., Cable, N.T., Campbell, I.T., Evans, L., Bongers, T., Griffiths, R.D., 521 
Kayani, A.C., McArdle, A., and Drust, B. (2007). Elevated core and muscle temperature to levels 522 
comparable to exercise do not increase heat shock protein content of skeletal muscle of physically 523 
active men. Acta Physiologica 190: 319-327. doi:10.1111/j.1748-1716.2007.01711.x. 524 
Nybo, L. (2008). Hyperthermia and fatigue. Journal of Applied Physiology 104: 871-878. 525 
doi:10.1152/japplphysiol.00910.2007. 526 
Nybo, L. and Nielsen, B. (2001). Hyperthermia and central fatigue during prolonged exercise in 527 
humans. 528 
Nybo, L., Rasmussen, P., and Sawka, M.N. (2014). Performance in the heat-physiological factors of 529 
importance for hyperthermia-induced fatigue. Comprehensive physiology 4: 657-89. 530 
doi:10.1002/cphy.c130012. 531 
Peart, D.J., McNaughton, L.R., Midgley, A.W., Taylor, L., Towlson, C., Madden, L.A., and Vince, 532 
R.V. (2011). Pre-exercise alkalosis attenuates the heat shock protein 72 response to a single-bout of 533 
Page 18 of 28
https://mc06.manuscriptcentral.com/apnm-pubs
Applied Physiology, Nutrition, and Metabolism
Draft
 19
anaerobic exercise. Journal of Science and Medicine in Sport 14: 435-40. 534 
doi:10.1016/j.jsams.2011.03.006. 535 
Périard, J.D., Ruell, P., Caillaud, C., and Thompson, M.W. (2012). Plasma Hsp72 (HSPA1A) and 536 
Hsp27 (HSPB1) expression under heat stress: influence of exercise intensity. Cell Stress and 537 
Chaperones 17: 375-383. doi:10.1007/s12192-011-0313-3. 538 
Petersen, C.J., Portus, M.R., Pyne, D.B., Dawson, B.T., Cramer, M.N., and Kellett, A.D. (2010). Partial 539 
heat acclimation in cricketers using a 4-day high intensity cycling protocol. Int J Sports Physiol 540 
Perform 5: 535-45.  541 
Petrof, E.O., Kojima, K., Ropeleski, M.J., Musch, M.W., Tao, Y., De Simone, C., and Chang, E.B. 542 
(2004). Probiotics inhibit nuclear factor-κB and induce heat shock proteins in colonic epithelial cells 543 
through proteasome inhibition. Gastroenterology 127: 1474-1487.  544 
Ruell, P.A., Thompson, M.W., Hoffman, K.M., Brotherhood, J.R., and Richards, D.A.B. (2006). 545 
Plasma Hsp72 is higher in runners with more serious symptoms of exertional heat illness. European 546 
Journal Of Applied Physiology 97: 732-736.  547 
Sandström, M.E., Siegler, J.C., Lovell, R.J., Madden, L.A., and McNaughton, L. (2008). The effect of 548 
15 consecutive days of heat–exercise acclimation on heat shock protein 70. Cell Stress & Chaperones 549 
13: 169-175. doi:10.1007/s12192-008-0022-8. 550 
Suzuki, K., Nakaji, S., Yamada, M., Liu, Q., Kurakake, S., Okamura, N., Kumae, T., Umeda, T., and 551 
Sugawara, K. (2003). Impact of a competitive marathon race on systemic cytokine and neutrophil 552 
responses. Med Sci Sports Exerc 35: 348-55. doi:10.1249/01.mss.0000048861.57899.04. 553 
Suzuki, K., Peake, J., Nosaka, K., Okutsu, M., Abbiss, C., Surriano, R., Bishop, D., Quod, M., Lee, H., 554 
Martin, D., and Laursen, P. (2006). Changes in markers of muscle damage, inflammation and HSP70 555 
after an Ironman triathlon race. European Journal of Applied Physiology 98: 525-534. 556 
doi:10.1007/s00421-006-0296-4. 557 
Suzuki, K., Yamada, M., Kurakake, S., Okamura, N., Yamaya, K., Liu, Q., Kudoh, S., Kowatari, K., 558 
Nakaji, S., and Sugawara, K. (2000). Circulating cytokines and hormones with immunosuppressive but 559 
neutrophil-priming potentials rise after endurance exercise in humans. Eur J Appl Physiol 81: 281-7. 560 
doi:10.1007/s004210050044. 561 
Tao, Y., Drabik, K.A., Waypa, T.S., Musch, M.W., Alverdy, J.C., Schneewind, O., Chang, E.B., and 562 
Petrof, E.O. (2006). Soluble factors from Lactobacillus GG activate MAPKs and induce cytoprotective 563 
Page 19 of 28
https://mc06.manuscriptcentral.com/apnm-pubs
Applied Physiology, Nutrition, and Metabolism
Draft
 20
heat shock proteins in intestinal epithelial cells. American Journal of Physiology-Cell Physiology 290: 564 
C1018-C1030. doi:10.1152/ajpcell.00131.2005. 565 
Taylor, L., Hillman, A.R., Midgley, A.W., Peart, D.J., Chrismas, B., and McNaughton, L.R. (2012a). 566 
Hypoxia-mediated prior induction of monocyte-expressed HSP72 and HSP32 provides protection to 567 
the disturbances to redox balance associated with human sub-maximal aerobic exercise. Amino Acids 568 
43: 1933-1944. doi:10.1007/s00726-012-1265-3. 569 
Taylor, L., Midgley, A.W., Chrismas, B., Hilman, A.R., Madden, L.A., Vince, R.V., and McNaughton, 570 
L.R. (2011). Daily hypoxia increases basal monocyte HSP72 expression in healthy human subjects. 571 
Amino acids 40: 393-401. doi:10.1007/s00726-010-0644-x. 572 
Taylor, L., Midgley, A.W., Chrismas, B., Madden, L.A., Vince, R.V., and McNaughton, L.R. (2010a). 573 
Daily quadratic trend in basal monocyte expressed HSP72 in healthy human subjects. Amino Acids 38: 574 
1483-8. doi:10.1007/s00726-009-0360-6. 575 
Taylor, L., Midgley, A.W., Chrismas, B., Madden, L.A., Vince, R.V., and McNaughton, L.R. (2010b). 576 
The effect of acute hypoxia on heat shock protein 72 expression and oxidative stress in vivo. European 577 
Journal Of Applied Physiology 109: 849-855. doi:10.1007/s00421-010-1430-x. 578 
Taylor, L., Midgley, A.W., Sandstrom, M.E., Chrismas, B., and McNaughton, L.R. (2012b). The effect 579 
of the hyperbaric environment on heat shock protein 72 expression in vivo. Research in sports 580 
medicine 20: 142-153. doi:10.1080/15438627.2012.660830. 581 
Taylor, L., Watkins, S., Marshall, H., Dascombe, B., and Foster, J. (2015). The impact of different 582 
environmental conditions on cognitive function: a focused review. Frontiers in Physiology 6. 583 
doi:10.3389/fphys.2015.00372. 584 
Tuomola, E., Crittenden, R., Playne, M., Isolauri, E., and Salminen, S. (2001). Quality assurance 585 
criteria for probiotic bacteria. The American journal of clinical nutrition 73: 393s-398s.  586 
Tyler, C.J., Reeve, T., Hodges, G.J., and Cheung, S.S. (2016). The Effects of Heat Adaptation on 587 
Physiology, Perception and Exercise Performance in the Heat: A Meta-Analysis. Sports Medicine: 1-588 
26. doi:10.1007/s40279-016-0538-5. 589 
Walsh, R.C., Koukoulas, I., Garnham, A., Moseley, P.L., Hargreaves, M., and Febbraio, M.A. (2001). 590 
Exercise increases serum Hsp72 in humans. Cell Stress Chaperones 6: 386-93.  591 
Whitham, M. and Fortes, M.B. (2008). Heat shock protein 72: release and biological significance 592 
during exercise. Frontiers in Bioscience 13: 1328-1339.  593 
Page 20 of 28
https://mc06.manuscriptcentral.com/apnm-pubs
Applied Physiology, Nutrition, and Metabolism
Draft
 21
Whitham, M., Laing, S.J., Jackson, A., Maassen, N., and Walsh, N.P. (2007). Effect of exercise with 594 
and without a thermal clamp on the plasma heat shock protein 72 response. Journal of Applied 595 
Physiology 103: 1251-1256. doi:10.1152/japplphysiol.00484.2007. 596 
Whitham, M., Walker, G.J., and Bishop, N.C. (2006). Effect of caffeine supplementation on the 597 
extracellular heat shock protein 72 response to exercise. Journal of Applied Physiology 101: 1222-598 
1227. doi:10.1152/japplphysiol.00409.2006. 599 
Wijerathne, B.T., Pilapitiya, S.D., Vijitharan, V., Farah, M.M., Wimalasooriya, Y.V., and Siribaddana, 600 
S.H. (2016). Exertional heat stroke in a young military trainee: is it preventable? Military Medical 601 
Research 3: 1. doi:10.1186/s40779-016-0078-1. 602 
Winter, E.M., Jones, A.M., Davison, R.R., Bromley, P.D., and Mercer, T.H. (2006). Sport and Exercise 603 
Physiology Testing Guidelines: Volume I–Sport Testing: The British Association of Sport and Exercise 604 
Sciences Guide: Routledge. 605 
Wischmeyer, P.E. (2002). Glutamine and heat shock protein expression. Nutrition 18: 225-228. 606 
doi:10.1016/S0899-9007(01)00796-1. 607 
Wischmeyer, P.E., Kahana, M., Wolfson, R., Ren, H., Musch, M.M., and Chang, E.B. (2001). 608 
Glutamine induces heat shock protein and protects against endotoxin shock in the rat. Journal of 609 
Applied Physiology 90: 2403-2410.  610 
Zaryski, C. and Smith, D.J. (2005). Training principles and issues for ultra-endurance athletes. Current 611 
Sports Medicine Reports 4: 165-170. doi:10.1007/s11932-005-0062-0. 612 
Zuhl, M., Dokladny, K., Mermier, C., Schneider, S., Salgado, R., and Moseley, P. (2015). The effects 613 
of acute oral glutamine supplementation on exercise-induced gastrointestinal permeability and heat 614 
shock protein expression in peripheral blood mononuclear cells. Cell Stress & Chaperones 20: 85-93. 615 
doi:10.1007/s12192-014-0528-1. 616 
Zuhl, M., Lanphere, K., Kravitz, L., Mermier, C., Schneider, S., Dokladny, K., and Moseley, P. (2014). 617 
Effects of oral glutamine supplementation on exercise-induced gastrointestinal permeability and tight 618 
junction protein expression. Journal of Applied Physiology 116: 183-191. 619 
doi:10.1152/japplphysiol.00646.2013. 620 
 621 
 622 
 623 
 624 
 625 
 626 
Page 21 of 28
https://mc06.manuscriptcentral.com/apnm-pubs
Applied Physiology, Nutrition, and Metabolism
Draft
 22
Table 1. Anthropometrical characteristics of age, height, mass; body fat percentage, and V O data 627 
(week 1 and week 12) are reported as means ± SD (age is reported as range due to non-normal 628 
distribution). 629 
 630 
 631 
 632 
 633 
 634 
Table 2. Mean ± SD (range) eHsp72 (ng.ml-1) concentration between groups at each data collection 635 
time point. 636 
 637 
Kg: kilograms; 
 : maximal volume of oxygen consumption; ml.kg.min
-1
: millilitres per 638 
kilogram per minute. PRO: Probiotic; PGLn: Probiotic + Glutamine; CON: Control 639 
 640 
 641 
 642 
 643 
 644 
 645 
  
 
Baseline Pre-race 
Group Age 
(years) 
Mass 
(Kg) 

  
(ml.kg.min
-1
) 
 Mass  
(Kg) 

  
(ml.kg.min
-1
) 
PRO 25 – 50  78.87 ± 6.93 56.42 ± 8.26  77.49 ± 6.52 59.40 ± 6.33 
PGLn 31 – 53 71.34 ± 12.92 56.50 ± 5.95  70.09 ± 12.31 59.25 ± 6.92 
CON 23 – 60  79.50 ± 14.07 51.17 ± 12.68  77.29 ± 12.92 55.25 ± 11.96 
Group Baseline Pre-race 6 hours post race 7 d post-race 
CON 1.68 ± 1.65 
(0.59 – 3.81) 
1.82 ± 1.98 
(0.63 – 1.93) 
3.45 ± 3.35 
(0.78 – 3.30) 
2.05 ± 2.49 
(0.67 – 2.17) 
PRO 1.20 ± 0.58 
(0.68 – 2.70) 
1.58 ± 0.87 
(0.75 – 2.96) 
2.77 ± 1.21 
(1.82 – 7.30) 
1.80 ± 1.27 
(0.82 – 4.13) 
PGLn 1.77 ± 2.51 
(0.59 – 1.90) 
1.03 ± 0.45 
(0.73 – 2.19) 
2.20 ± 0.76 
(1.57 – 4.16) 
1.04 ± 0.41 
(0.71 – 2.16) 
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Table 3. Beta coefficients (B), 95 % confidence intervals (CI), and alpha values (p) are reported for the 646 
fixed components (Supplement & time) before and after the MDS race. The standard deviation of the 647 
intercept and residual are reported for the random effect (subject ID). 648 
 649 
  eHsp72 (ng.ml
-1
) 
  B 95% CI p 
Fixed Parts 
(Intercept) 1.31 0.79 – 1.83 <.001 
Condition Effect       
PRO 0.02 -0.72 – 0.75 0.968 
PGLn -0.32 -1.09 – 0.45 0.421 
Time Effect       
Pre-Race -0.1 -0.70 – 0.50 0.742 
6-8 h Post-Race 0.81 0.20 – 1.43 0.011 
1-Week Post-Race -0.04 -0.67 – 0.60 0.911 
Condition: Time Interaction       
PRO: Pre-Race 0.27 -0.59 – 1.13 0.541 
PGLn: Pre-Race 0.13 -0.75 – 1.01 0.770 
PRO: 6-8 h Post-Race 1.01 0.15 – 1.87 0.023 
PGLn: 6-8 h Post-Race 0.38 -0.51 – 1.28 0.401 
PRO: 1-Week Post-Race 0.6 -0.31 – 1.50 0.198 
PGLn: 1-Week Post-Race 0.09 -0.82 – 1.00 0.851 
Random Parts 
σ2 0.511 
τ00, ID 0.258 
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Figure legends  673 
 674 
Fig. 1 a-c Experimental schematic outlining: a: the full experimental study design, b: procedures of 675 
Visits 1, 2 and 4, c: procedure of Visit 3  676 
 677 
Fig. 2 Boxplots showing the variability in responses for each group over time. #Denotes a significant 678 
effect of time on eHsp72 concentration 679 
  680 
Fig. 3 a-c Individual eHsp72 responses within groups, as a % change from baseline (a: PRO, b: PGLn, 681 
c: CON) 682 
 683 
Fig. 4 Boxplots showing the variability in time to completion for each group  684 
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Fig. 1 a-c Experimental schematic outlining: a: the full experimental study design, b: procedures of Visits 1, 
2 and 4, c: procedure of Visit 3  
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Fig. 2 Boxplots showing the variability in responses for each group over time. #Denotes a significant effect 
of time on eHsp72 concentration  
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Fig. 3 a-c Individual eHsp72 responses within groups, as a % change from baseline (a: PRO, b: PGLn, c: 
CON)  
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Fig. 4 Boxplots showing the variability in time to completion for each group  
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